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Haversian and Endosteal Bone Formation 
Rates in Rib Biopsies of 50 Patients with 
Senile and Postmenopausal Osteoporosis 
K e n t K. W u , M D * 
Eleventh rib biopsies of 50 patients with 
senile and postmenopausal osteoporosis, 
studied by means of tetracycline bone label-
ing, revealed significant and similar 
although modest decreases In bone formation 
on the cortical-endosteal and haversian sur-
faces ofthe biopsies. 
•Department of Orthopaedic Surgery 
Address reprint requests to Dr. Wu at Henry 
Ford Hospital, 2799 West Grand Blvd., Detroit 
Ml 48202 
I EHE te rm, osteoporosis, signifies a dis-
ease characterized by the presenceof too 
little bone in the s k e l e t o n , a n d it can 
occur in association wi th several endoc-
rine disorders, ' " ' certain gastrointestinal 
tract disturbances," dietary deficiencies,' ' 
p h y s i c a l a n d c h e m i c a l a g e n t s , 
hematological diseases, congenital disor-
ders and in senile invo lu t ion , ' " as well 
as in association wi th other factors and 
affections.'"' Our discussion wi l l 
be conf ined to the senile and post-
menopausal forms (SO and PMO), which 
probably occur most c o m m o n l y , " ' yet 
lack e f fec t ive ways fo r p reven t i on or 
treatment. 
A l b r i g h t " ' ' originally proposed that a 
deficiency of estrogen in women and of 
androgen in men caused SO and PMO. 
Later, Reifenstein' postulated that a rela-
t i ve increase in the ra t io of ad rena l 
g l ucoco r t i co i ds to the sex h o r m o n e s 
might be the cause. He advocated correc-
tive and anabolic steroid therapy. Among 
o t h e r s , N i c o l a y s o n , Eeg-Larsen and 
Malm,'= and Nordin,^ ' ' have suggested 
as causes a chronic calcium deficiency 
brought about by inadequate diet or by 
poor absorpt ion in the G. l . tract and/or 
excessive el iminat ion of calc ium. 
H o w e v e r , U r i s t ' * ' a m o n g o t h e r s 
showed that b l ood concen t ra t ion and 
urine excretion of estrogen, 17-
ketosteroids, 17-hydroxycort icort icoids 
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and their derivatives did not differ signif i-
cantly between patients suffering f rom 
os teoporos i s and no rma l persons of 
comparable age. In addi t ion, the great 
majority of patients wi th SO and PMO 
have consistently normal serum and uri-
nary calcium and phosphate value. Also, 
Smith and Frame found that analyses of 
dietary calcium intake in victims of SO 
and PMO did not support the postulated 
dietary insufficiency.'5 Finally, whi le trials 
of anabolic hormones and supplemental 
d ie ta ry ca l c ium and p h o s p h a t e have 
yielded conf l ict ing results in exper imen-
tal situations, they have uni formly failed 
to cure these diseases in clinical practice. 
Further studies of the skeletal features 
of SO and PMO might yield new clues 
as to their underlying causes, we believe. 
An osteoporot ic skeleton might pre-
sen t : (1) an i nc reased i n t r a c o r t i c a l 
porosity, and/or (2) excessively th inned 
cortex relative to the outside diameter 
of the bone. Numerous observers have 
shown by a variety of methods that exces-
sive t h i n n i n g does c h a r a c t e r i z e the 
osteoporot ic cor tex, ' ' and one quantita-
t ive study of in ternal cort ical porosi ty 
r e v e a l e d t h a t n o r m a l i n t r a c o r t i c a l 
porosities accompanied the th in cortices 
and (probably) expanded marrow cavities 
in ribs f rom humans wi th SO and P M O . " 
Frost points out that the relationship 
b e t w e e n b o n e f o r m a t i o n and b o n e 
resorp t ion const i tu tes the key factor , 
because os teoporos is can occur w i t h 
increased, normal , or decreased bone 
f o r m a t i o n ; o r r e s o r p t i o n , as l o n g as 
resorption significantly exceeds for-
m a t i o n . ^ " If at t h e t i m e of ske le ta l 
maturity, there is a normal skeleton, the 
s u b s e q u e n t d e v e l o p m e n t o f an 
osteoporos is w o u l d prove that excess 
resorption had arisen. The next question 
is what constitutes the mechanism of this 
excess? 
Wi th in the past decade, morphometry 
has revealed in ribs^""" and in many other 
b o n e s , ' " ' " ' " ' that bone conta ins 
three functionally as well as anatomically 
distinct surfaces: the endosteal, haver-
sian, and periosteal, conveniently termed 
" e n v e l o p e s . " Each of these envelopes 
can behave uniquely in health as well as 
in disease. For example, endosteal bone 
surfaces normally and almost always have 
a net loss, whi le periosteal bone surfaces 
simultaneously normally have a net gain. 
Yet, the haversian enve lope normal ly 
undergoes no major gain or loss. The 
normal pattern of resorpt ion-to-forma-
t ion ratios on these envelopes caus-
es a gradual enlargement both of the 
marrow cavity and of the outside diame-
ter of a bone throughout l i fe. Deviation 
f rom the normal pattern, either of degree 
or in k i n d , w i l l cause a pa tho log i ca l 
skeletal state. 
These facts suggest tha t , in t heo ry , 
envelope-specific disease could develop, 
a poss ib i l i t y ve r i f i ed by a n u m b e r of 
human and animal studies.'"'^^'^"^ Avail-
able evidence indicates that SO and PMO 
represent an excessive bone loss which 
o c c u r s p r i m a r i l y on t h e e n d o s t e a l 
envelope. ' " 
If this is so, it becomes important to 
know how rapidly resorption and forma-
t ion proceed on each of the three bone 
envelopes in SO and PMO. 
By means of quantitative histological 
measurements based upon tetracycline 
bone l a b e l i n g , ' ^ ' " - ' ' our study rein-
forces the f indings of an earlier study of 
b o n e f o r m a t i o n based o n a l i m i t e d 
number of cases. 
Materials 
Fifty patients (13 males and 37 females), 
all w i th clinical and radiological evidence 
of osteoporos is , were inc luded in this 
study. All had back pain at t r ibuted to 
the i r os teoporos is , th i r ty of them had 
one or more compression fractures o f t he 
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spine which either occurred spontane-
o u s l y o r f o l l o w e d t r i v i a l t r a u m a or 
physio logic mechanical stresses to the 
spine. Seven others had experienced rib 
or metatarsal fractures fo l low ing trivial 
trauma. All the fractures healed normally. 
Their age range was f rom 31 to 74, wi th 
a mean of 55.9 years. Patients wi th evi-
d e n c e o f any o t h e r k n o w n f o r m of 
metabolic bone disease were excluded 
f rom this study. Serum calcium and inor-
g a n i c p h o s p h a t e d e t e r m i n a t i o n s , 
obtained on mult ip le occasions, revealed 
normal values. Twenty-four-hour urinary 
calcium excretion determinat ions, done 
in 38 of these pat ients , revealed eight 
w i t h n o r m a l va lues ( i e , 7 5 m g / d a y ) . 
Howeve r , these e igh t peop le had no 
other evidence of osteomalacia. As in the 
other 42 cases, bone biopsies revealed 
no osteomalacia. 
Methods 
The analy t ica l and m e t h o d o l o g i c a l 
procedures employed consti tute those of 
F ros t . " ' ^ " 
1) Labeling, Biopsy and Sections: Oral 
Declomycin was given as a bone marker, 
300 mg t . i .d . orally on a schedule of 3 
days o n , 10 days off, and 6 days on (3-
10-6). This schedule provides an unla-
be l led in terva l , and the bone minera l 
deposi ted dur ing that interval was the 
major f rac t ion measured. Con t i nuous 
labels we re a v o i d e d , in part because 
Hong et a l " and Saxen" have shown that 
tetracycl ines depress bone f o rma t i on . 
This introduces an uncorrected measure-
ment error of unknown magnitude. 
Between one and three weeks af ter 
complet ion of label ing, approximately 3 
cm of the 11th rib was removed at the 
junct ion of its middle and distal th i rds, 
usually under local anesthesia.'^ At least 
three fresh, mineral ized, complete, and 
accurately or iented cross-sections; 50-70 
microns th i ck , were made of each r ib 
biopsy by hand gr inding under running 
water on waterproof sandpaper." These 
were stained wi th the Villanueva Tet-
rachrome bone s ta in , " - " dehydrated in 
ascending strengths of alcohols, cleared 
in xylol and then mounted for permanent 
reference in Harleco Synthetic Resin mic-
roscopic mount ing med ium. 
2) Measurements: Areas and perime-
ters were measured w i t h a rap id and 
accurate gr id m e t h o d . " ' " ' 
The f o l l o w i n g m e a s u r e m e n t s w e r e 
made: 
a) Mean cortical cross section area per 
section (A c): Representing the cross sec-
t i o n a l a rea e n c l o s e d b e t w e e n t h e 
periosteal and the endosteal perimeters 
of the sections, it was measured on each 
section in mm^ to an accuracy of one part 
in 20 and a precision of one part in 30. 
b) Endosteal pe r ime te r per sect ion 
( ^ S ) : Signifying the cort ical endosteal 
boundary or per imeter of the marrow 
cavity space, it was measured in each sec-
t ion in mm to an accuracy of one part 
in 20 and precision of one part in 30. '° ' 
c) Mean perimeter of individual haver-
sian osteo id seams (^Sp), and cort ical 
endosteal os teo id seams (^Sf): These 
equal the sum of all the individual haver-
sian or endosteal osteoid seam perime-
ters in all the sections of a case (measured 
wi th the Zeiss integrating eyepiece II 
at 320X, to an accuracy of one. part in 
20 and p r e c i s i o n of o n e par t in 30), 
divided by the total respective number 
of seams (^A, ^A) , the latter counted in 
b r igh t f ie ld m ic roscopy at 128X to an 
accuracy of one part in 40 and precision 
of one part in 60. 
(•^A and 
d) The total number of osteoid seams 
^A) as wel l as of tetracycline-
labeled osteoid seams were counted in 
each sect ion, the former in brightf ield 
m ic roscopy at 128X, the lat ter under 
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Figure 1 
Undecalcified cross section of a rib biopsy at 240X and under fluorescence microscopy, showing 
two annular bright rings which represent tetracycline labels separated by a 10-day label-free interval. 
The arrows show where four separate measurements of the distances between the middles of 
the two bands might be made; their mean divided by the labelling interval (here 13.0 days) 
would equal the appositional rate for this one haversian system. All such systems in the sections 
of any given case would be measured similarly to obtain the mean value for the case. 
b lue l igh t f luorescence mic roscopy , at 
128X, wi th a Zeiss f luorescence photo-
m i c r o s c o p e . The dec ima l f r ac t i on of 
seams that " t o o k " the labels equalled the 
total labeled seams divided by the total 
number of seams labeled plus unlabelled 
seams, separately for the haversian and 
endosteal envelopes. The means of all 
sections per case were listed for later cal-
culations. 
e) Tetracycl ine in ter -band d is tance: 
Defined as the average distance between 
the middle point of each of two tempo-
rally adjacent tetracycline bands, it was 
measured wi th a calibrated eyepiece mi-
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crometer under bluelight f luorescence at 
320X, at f ive equa l ly spaced intervals 
a round the per imete r of each labeled 
system, as shown in Figure 1. Accuracy 
in the worst-case equals one part in 30."'' 
The average of all of these values per case 
was computed and listed for subsequent 
calculations, separately for haversian and 
cortical-endosteal surfaces. 
Table 1 lists the above data, as wel l as 
age-comparable group normals. 
samples, obtaining this parameter in this 
manner introduced only a trivial geomet-
ric error. 
met = (3) 
d) The haversian and endosteal bone 
format ion rates (hVf, ^Vf) . These equal 
the radical closure rate (hMf) , mul t ip l ied 
by the osteoid seam density (hAf), mul-
t ip l ied by the mean seam circumference. 
In symbols: 
3) C o m p u t a t i o n s : The f o l l o w i n g 
derived parameters were calculated f rom 
the above data: 
For haversian bone f o r m a t i o n rate: 
( •^Af) , 
a) Haversian osteoid seam distr ibut ion 
p e r m m ^ o f c o m p a c t a , a n d 
endosteal osteoid seam distr ibut ion (^Af) 
per mm of endosteal perimeter. In sym-
bols: 
h . 
^ f ' A r 
(1) 'Af = I f (2) 
b) Havers ian and endos tea l rad ia l 
closure rates (hMf and ^ M f ) : These equal 
the respective apposit ional rates mul-
t ip l ied by the decimal fractions of osteoid 
seams that " t o o k " tetracycline labels. 
The apposit ional rate represents a veloc-
ity as def ined in elementary physics, 
for it is "a distance divided by t ime , " 
In this case, the mean tetracycline 
interband distance is divided by the t ime 
interval between the middles of the two 
m a r k e r s . G i v e n a 3-10-6 l a b e l i n g 
schedule, the t ime interval between the 
middle of the first marker band to the 
m idd leo f the subsequent one equals 14.5 
days (3/2 -E 10 + 6/2 = 14.5), or .03975 
years. 
c) Mean cortical thickness (met): Here 
this equals the cortical cross-section area 
divided by the endosteal circumference. 
Because of the thin cortex of the biopsy 
' V f M . x " A . x "S 
' t (4) 
For endosteal bone format ion rate: 
^ V f = ^ M f X eA^ x (5) 
One may express endosteal bone for-
mation in two ways. The surface-based 
rate (^^Vf) equals the mm^ of new bone 
made per mm^ of pre-existing compacta 
per year. 
Thus: 
^^V = X ^^Af X ^Sf 
evy^ = X evA^ x ^ s ^ , and 




Table 11 lists the computed data, as wel l 
as age-comparable group normals. The 
group normals averaged the values of 100 
normal subjects, taken f rom a " l ib rary" 
of 327 metabolically normal people of all 
ages. 
Results 
1) Cortical area. A,-: This averaged 11.2 
mm^ -E 4.3 mm^ per biopsy. 
2) Endosteal c i rcumference, ^S: The 
mean averaged 23.6 mm per biopsy. 
3) C i r cumfe rence of haversian and 
endosteal seams (hs^ and ^Sf ) : These 
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T A B L E I 
H I S T O L O G I C D A T A IN 50 P A T I E N T S WITH S E N I L E & P O S T M E N O P A U S A L 
O S T E O P O R O S I S 
Cortical 
Area (A^) 











Osteoporosis 11,2= 4.3 
(S.E. = .61) 
58.2 ± 16.4 
(S,E, = 2.3) 
0.19 ± 0.05 
(S.E. = .0056) 
1.11 ± 0.87 











Normal 13.00± 3.20 
(S.E. = .32) 
95 ± 5 
(S.E. = .5) 
0,32 ± 0.056 
(S.E, = .006) 
0.4 ± 0.22 

































Osteoporosis 23.6 ± 5.8 
(S.E, = .83) 
34.5 ± 14.9) 
(S.E. = 2.1) 
0.53 ± 0.20 
(S.E. = .29) 
0.17±0.13 




















Normal n.a. 95 ± 5 
(S.E. = .5) 
0.39 ± 0.04 
(S.E. = ,004) 
0.076 ± 0.05 
(SE. = ,005) 
Table I 
The means are listed for the quantitative histological measurements, and compared 
to norms (where available) for the mean age of the osteoporosis group. One standard 
deviation and one standard error are also listed for each value. 
averaged 0.19mm (H) and 0.53mm (E) 
per seam, respectively. 
4) The haversian osteoid seam density 
('^A^) and endosteal osteoid seam density 
i^Af) averaged 1.11 seams/mm^ of com-
pacta, and 0.17 seams/mm of endosteal 
perimeter, respectively. Group com-
parable normal values equal 0.41 seams/ 
mm^ of compacta and 0.076 seams/mm 
of endosteal circumference respectively. 
5) The haversian radial c losure rate 
('^Mf) averaged 0.12mm/year compared 
t o t h e n o r m o f 0 . 2 8 m m / y e a r ; t h e 
endosteal radial c losure rate averaged 
0.075mm/year compared to the norm of 
0.23mm/year. 
6) The mean cortical thickness (met) 
equalled 0.47mm, in contrast to the nor-
mal value of 0.80mm. 
7) The volumed-based harversian bone 
format ion rate (hVf) averaged .030mm" 
per m m " of pre-exist ing compacta per 
year, a 17% decline relative to the com-
parable normal value of .036mmVmm" of 
compacta/year. The median value of the 
study group lay at 50% of the group's 
normal (ie, at .016mmVmmV. 
8) The surface-based endosteal bone 
formation rate (^Vf) equalled 0.0091mm" 
per mm" of endosteal surface per year 
in contrast to the norm of 0.0066 mm" 
of endosteal surface/year. However the 
m e d i a n v a l u e e q u a l l e d 33% o f t h e 
group's normal , or .0022mm"/mm/year. 
The scatter p lot in Figure 2 shows for-
ma t i on rates f o r each case and each 
envelope in normalized fo rm, and puts 
a slightly di f ferent emphasis on the data 
than do the ari thmetic means. In non-
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T A B L E II 
C O M P U T E D D A T A IN 50 P A T I E N T S WITH S E N I L E & P O S T M E N O P A U S A L 
O S T E O P O R O S I S 
Appositional Rate in 
/J./day 
(M) 
Radial Closure Rate 
in mm/year (''Mj) 
Volume Based Bone Formation 












Osteoporosis 0.61 ± 0.17 
(S.E. = .024) 
0.12 ± 0.085 
(S.E. = .012) 
0.030 ± 0.034 











Normal 0.90 ± 0.30 
(S.E, = .03) 
0.28 ± 0.17 
(S.E. = .0171) 
0,036 ± 0,012 
(S.E. =,00036) 
Appositional Rate in 
mm/yr. 
( E M ) 
Radial Closure 
Rate In mm/year 
( ® M , ) 
Volume Based 
Bone Formation 
Rate in (evy,) 
in mm^/mm^/ yr. 
Surface Based Bone 
Formation Rate 






















Osteoporosis 0,15 ± 0.039 
(S.E. = ,0055) 
0.075 ± 0.049 
(S.E, = .0027) 
0.019 ± 0.028 
(S.E. = .004) 
0.0091 ± 0.013 




















Normal 0.27 ± .1 
(S.E. = .01) 
0.23 ± 0.04 
(S.E. = .004) 
0,0082 ± 0.0040 
(S.E, = ,0004) 
0.0066 ± 0.0030 
(S.E. = ,0003) 
Table II 
The computed data appear wi th values for their dispersions and standard covers of 
the mean. In the osteoporosis group N = 50, and in the normal group it equals 100. 
parametric terms 37 (74%) of the 50 sub-
jects had subnormal values for haversian 
f o r m a t i o n , w h i l e 34 (68%) o f t h e 
o s t e o p o r o s i s g r o u p had s u b n o r m a l 
values for endosteal format ion. There-
fore, the median, as wel l as the non-
parametr ic mean fo rma t ion rates, fe l l 
below normal on both envelopes. This 
f inding carries useful statistical signif i-
cance (ie, p<.05). 
Discussion 
1) In te rpre ta t ion : The study group 's 
mean haversian bone formadon rate aver-
aged 83.3%of normal , which agrees satis-
f a c t o r i l y w i t h p r e v i o u s l y p u b l i s h e d 
tetracycline-based studies of bone for-
mat ion act ivi ty de te rmined in patients 
after their osteoporosis became clinically 
a p p a r e n t ."^ I t a lso a g r e e s w i t h 
measurements of this activity made by 
a v e r a g i n g f o r m a t i o n o v e r t h e t w o 
decades or so preceding bone biopsy, 
dur ing which t ime these patients pre-
sumably were developing their disease."" 
Lack of a significant increase in intracorti-
cal poros i ty " means that average resorp-
t ion on the haversian envelope equalled 
f o r m a t i o n , for any excess w o u l d have 
progressively increased this porosity to 
major proport ions dur ing that t ime. 
Whi le the arithmetic mean endosteal 
b o n e f o r m a t i o n rate in th is g r o u p of 
pat ients averaged 150% supe rno rma l 
when expressed in absolute terms, the 
scatter plot shows that this represents a 
d i s t r i b u t i o n e f f e c t i n w h i c h a f e w 
individuals w i th extremely high values 
149 
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Scatter plots of the formation rates of each 
case in this study, each value expressed as 
a percent of the age-comparable norm. Left: 
haversian formation values. Right: cortical-
endosteal values. While a large scatter exists, 
the preponderance of the values on each 
envelope lies below normal. 
raised the arithmetic mean, al though the 
med ian va lue fe l l s ign i f i can t l y be l ow 
n o r m a l , so t h a t t h e c h a r a c t e r i s t i c 
dynamic state of the osteoporot ic patient 
lay b e l o w n o r m a l . To e x p l a i n t h e 
enlarged marrow cavities which seem-
ingly typify the osteoporot ic skeleton, it 
must be in fer red that endosteal bone 
resorpt ion exceeds bone fo rmat ion at 
supernormal, normal , o reven subnormal 
speeds. 
These f ind ings d i f fe r on ly modest ly 
f rom conclus ions reached by Heaney, 
who believed that organ-level bone for-
mation was normal. The dif ference may 
be due to : 1) uncertainty in the size of 
that f ract ion of k inet ical ly de te rmined 
accretion values which reflects histologi-
cally measurable bone f o r m a t i o n ; 2) 
errors in extrapolating histologically-
de te rm ined bone dynamic changes in 
ribs to the rest of the skeleton, present-
ing f indings slightly lower than the t rue 
skeletal average or; 3) the still undeter-
mined net contr ibut ion of compacta and 
trabecular bone relative to that of general 
skeletal dynamics, in normal as well as 
in osteoporot ic individuals. 
Similarity of the depressions in haver-
sian and endosteal formation fits the con-
cept that some systemic factor acts on 
both . However, the presence of a rela-
tively large dif ference in net bone loss 
o n t h e h a v e r s i a n a n d e n d o s t e a l 
envelopes suggests that some local factor 
in the marrow cavity may act to increase 
net endosteal bone loss independent ly 
of the status of the bone balance on 
haversian and periosteal bone surfaces. 
The marrow cavity is thereby enlarged 
at the expense of the cortex, a phenome-
non which seems to characterize SO and 
PMO. 
2) Therapeut ic Mechan ics : If th is is 
t r ue , l ower ing the remode l i ng rate or 
d iminishing the excess of resorption on 
endosteal bone surfaces (or both) should 
e f f ec t i ve l y re ta rd t h e m o r p h o l o g i c a l 
evolut ion of this disease. If the normal 
excess of endosteal resorption relative to 
format ion could actually be reversed we 
c o u l d " c u r e " SO and P M O ! W h i l e 
several diseases exist in w h i c h such 
reversals occur in adult life (making this 
a possibi l i ty), we do not yet understand 
e i ther the mechanics or the causes of 
such reversals we l l e n o u g h to devise 
effective treatment. 
3) V a r i a n c e : In t h e p r e s e n t case 
material, the coefficients of variation for 
the format ion rates approximated 1.3 for 
the osteoporot ic material and 0.3 for the 
n o r m a l s u b j e c t s . N u m e r o u s o t h e r 
studies indicate that these coeff ic ients 
represent typical values for quantitative 
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histological bone work of this type. This 
variance l imited the statistical conf idence 
of prev ious studies of 18 os teoporo t i c 
p a t i e n t s by h i s t o l o g i c a l m e t h o d s , * ' 
Indeed, the present study reversed the 
prev ious one 's decrease in the mean 
endosteal bone format ion rate. 
of unknown age. It provided no statistical 
analysis of the data presented and did 
not state the accuracy nor precision of 
its measurement*. It also used cont inu-
ous tetracycline labels, wh ich , by sup-
press ing bone f o r m a t i o n "'^''° shou ld 
cause an error in the activity under study. 
4) Relevance: Available evidence indi-
cates that any major bone provides reli-
able clues to the qualitative status of gen-
eral skeletal dynamics'" '^" ' i^" ' ' "» ' ' ' ' ' 
al though remodel ing occurs at charac-
ter is t ica l ly d i f f e ren t rates in d i f f e ren t 
bones, and even in di f ferent parts of the 
same bone." ' - " " ' H o w e v e r , the pat-
t e r n o f t hese d i f f e r e n c e s b e c o m e s 
stereotyped in di f ferent individuals and 
even in dif ferent species; so once samp-
ling sites are standardized, these differ-
ences present few problems of inter-
pretat ion. The human 6th and 11th ribs 
have a d e q u a t e r e l i ab l e t e t r a c y c l i n e 
dynamic standards prepared for compar-
ing normals of all age groups. Such stand-
ards are not available for other human 
b o n e s . S i n c e turnover is quicker com-
pared to most other bones, these ribs 
reflect characteristic changes sooner and 
less ambiguously than other bones. 
O n e recent ar t ic le , ques t i on ing the 
re levancy of r ibs to h u m a n ske le ta l 
dynamics generally,"' ' fai led to inc lude 
studies of the whole skeleton and pre-
sented new data f rom only three dogs 
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